Objective Recently, use of alternative tobacco products, such as electronic cigarettes (ecigarettes) and hookah (water-pipe tobacco), has increased among adolescents. It is unknown whether attention-deficit hyperactivity disorder (ADHD) symptoms are associated with initiation of alternative tobacco product use. Methods Ninth grade high school students who never used any tobacco product at baseline (N ¼ 1,921) participated in a longitudinal survey from 2014 to 2015. Overall symptomatology and inattention (IN) and hyperactivity-impulsivity (HI) ADHD subtypes were assessed at baseline. Past 6-month e-cigarette, hookah, and combustible cigarette use (yes/ no) were reported at three semi-annual follow-ups. Repeated measures logistic regression models assessed the association of baseline ADHD symptoms with likelihood of tobacco product initiation across follow-ups. Results For ADHD main effect estimates, unadjusted odds of reporting e-cigarette, hookah, and combustible cigarette use pooled across follow-up time points were 45%, 33%, and 37% greater, respectively, with each increase in one SD-unit of baseline ADHD symptoms in baseline never-users of tobacco products. ADHD was not associated with hookah or combustible cigarette use after adjusting for other risk factors. After adjustment, e-cigarette use initiation remained associated with overall ADHD (odds ratio, OR [95%confidence interval, 95% CI] ¼ 13 [0.97, 1.32]). ADHD Â Time interactions were not significant, suggesting ADHD increased odds of e-cigarette use initiation but did not alter the shape of use trajectory across follow-up among initiators. Conclusions Understanding the psychosocial mechanisms underlying the pathway from ADHD to e-cigarette use may advance tobacco product use etiologic theory and prevention practice in the current era in which e-cigarette use is popular among youth.
Introduction
There is a well-documented association between attention-deficit hyperactivity disorder (ADHD) symptoms and combustible cigarette smoking among adolescents (McClernon & Kollins, 2008; Milberger, Biederman, Faraone, Chen, & Jones, 1997; Tercyak, Lerman, & Audrain, 2002; Wilens et al., 2008) . National estimates suggest that low levels of ADHD symptomology are present in nearly 40% of adolescents (Kollins, McClernon, & Fuemmeler, 2005) , and subclinical levels of ADHD symptoms have been shown to impact smoking among youth who do not meet DSM criteria for an ADHD diagnosis (Kollins, McClernon, & Fuemmeler, 2005; Wilens et al., 2008) . ADHD symptoms are distributed on a continuum throughout the population (Levy, Hay, McStephen, Wood, & Waldman, 1997) , with two distinct symptom dimensions: (1) inattention (IN; i.e., impaired levels of concentration and distractibility); and (2) hyperactivity-impulsivity (HI; i.e., poor inhibitory control and motor activity restlessness). Increased severity of both ADHD symptom dimensions has been shown to increase smoking risk throughout adolescence and the lifespan (i.e., likelihood of smoking initiation at earlier ages and progression to greater cigarette dependence; Fuemmeler, Kollins, & McClernon, 2007; Rodriguez, Tercyak, & AudrainMcGovern, 2008) .
While the prevalence of combustible cigarette smoking among U.S. adolescents has declined in recent years, use of alternative tobacco products such as electronic cigarettes (e-cigarettes) and hookah (waterpipe tobacco) have markedly increased . In 2015, approximately 16% and 7% of U.S. 10th graders reported using e-cigarettes and hookah, respectively, within the past 30 days . In addition, poly-product use (i.e., use of two or more tobacco products) has risen, with 13.0% of high school students in 2015 reporting use of two or more tobacco products in the past 30 days (Singh et al., 2016) . These trends are concerning, given evidence that the adolescent brain is particularly vulnerable to nicotine (Dwyer, McQuown, & Leslie, 2009) , and that initiation of smoking at younger ages is associated with increased nicotine dependence later in life (Breslau, Fenn, & Peterson, 1993; Breslau & Peterson, 1996; Riggs, Chou, Li, & Pentz, 2007) .
There is little extant research on associations between ADHD symptoms and initiation of alternative tobacco products, and there are several reasons to question whether the well-established link between ADHD and combustible cigarette smoking initiation found in previous years will extend to alternative tobacco products that are popular among today's youth. As a result of effective public health programs, combustible cigarettes are difficult to obtain by youth, banned in public areas, widely perceived to be hazardous to health, socially undesirable, and have other deterrents that dissuade most youth from smoking (Cuijpers, 2002 ; U.S. Department of Health and Human Services, 2014) . In contrast, alternative tobacco products may be a popular entry point for youth tobacco product use because of perceptions that e-cigarettes and hookah are healthier and offer other unique benefits relative to combustible cigarettes (Amrock, Lee, & Weitzman, 2016; Kong, Morean, Cavallo, Camenga, & Krishnan-Sarin, 2015) .
Before first use, messages generated from marketing and peers can lead to positive perceptions about e-cigarettes and hookah that are not present with combustible cigarettes. While cigarettes are available only in standard tobacco or menthol flavors, e-cigarettes and hookah can be purchased in youth-friendly flavors (e.g., candy, strawberry; Zhu et al., 2014) that have a wider appeal to youth and may produce less odor, making use easier to conceal from parents and other authority figures. Additionally, the water filtration of tobacco smoke in hookah and the emission of noncombusted aerosol in e-cigarettes may be perceived by youth to produce a smoother hit and be less harmful to health, and the individualized design of hookah pipes and e-cigarette devices may garner appeal to a wider audience of youth than do combustible cigarettes.
These key differences between alternative (hookah and e-cigarettes) and traditional (combustible cigarette) tobacco products may be much less salient for youth with ADHD-related characteristics, such as impulsivity and poor decision-making skills. For instance, concern over the potential health hazards of combustible cigarettes may be less of a deterrent, and the ability to conceal use from authority figures may be less appealing among youth with ADHD symptoms, given that they tend to be impulsive and less fearful of negative consequences (Matthys, Vanderschuren, & Schutter, 2013) . Thus, youth with elevated ADHD symptoms (or other risk factors) may represent a disproportionate percentage of the population of teens willing to initiate use of combustible cigarettes. For e-cigarettes and hookah, however, youth with low or no ADHD symptoms may be drawn to uptake of these alternative products in addition to adolescents with elevated ADHD symptoms or other risk factors. For these reasons, ADHD may be a more robust risk factor for uptake of combustible cigarettes than uptake of alternative tobacco products.
Recent evidence offers indirect empirical support for this hypothesis. Cross-sectional data suggest that youth who use alternative tobacco products exhibit fewer psychosocial risk factors (e.g., sensation seeking) and mental health problems other than ADHD (e.g., substance use, anxiety, depression) than adolescents who smoke combustible cigarettes (Wills, 2017; Leventhal et al., 2016) . Comparisons between youth poly-product users (e.g., use of e-cigarettes and combustible cigarettes) and youth who use a single product have found that poly-product users exhibit greater levels of some mental and behavioral health outcomes (e.g., marijuana use) but not others (e.g., anxiety and depression; Leventhal et al., 2016) . It is unknown whether ADHD differentially confers risk to initiate use of alternative versus traditional tobacco products or whether ADHD is associated with poly-tobacco product use. Thus, studying the initiation of tobacco product use is critical for developing primary prevention programs that deter use before exposure to nicotine and disrupt the known behavioral sequelae that follow tobacco product initiation (e.g., development of tobacco dependence, use of other substances, neurocognitive dysregulation; Mathers, Toumbourou, Catalano, Williams, & Patton, 2006) . This prospective study investigated associations between ADHD symptomology and the initiation of e-cigarettes, hookah, and combustible cigarette use across an 18-month period among high school students who never used any tobacco product by 9th grade. Based on previous literature, we hypothesized that ADHD symptoms, including both the HI and IN symptom dimensions, would be associated with the initiation of alternative tobacco products (e-cigarettes and hookah) and combustible cigarettes. Given the reasoning above and extant data, we expected that the associations of ADHD symptoms with uptake of combustible cigarettes would be stronger than associations with alternative tobacco products. We also predicted that ADHD would associate with polytobacco product use initiation during the follow-up. In addition to investigating associations with use initiation during the follow-up period, we also studied whether persistence of use across time during the follow-up period differed as a function of baseline ADHD level.
Methods

Participants
Participants were English-speaking 9th grade students not enrolled in special education classes from 10 high schools in the Los Angeles, CA metropolitan area. Surveys assessing mental health and substance use were administered once every 6 months beginning at the start of 9th grade (fall 2013) and continued through the beginning of 11th grade (fall 2015), totaling five semi-annual assessments (Leventhal et al., 2015) . ADHD symptoms were first assessed at the second assessment (end of 9th grade; spring 2014), which served as the baseline for this report. Only students with valid ADHD data who reported never using any tobacco products at baseline and had available data for at least one of the tobacco product outcomes during the follow-up period were included in this study (N ¼ 1,921; Figure 1 ). Retention between the first and second assessment was 97.3%, and 98.8% from the second (baseline) assessment through the end of the follow-up period. All student participants and their parents provided written or verbal assent and consent, respectively, to participate in the study. Students were not individually compensated for their participation; however, each participating school's general activity fund was remunerated. The University of Southern California institutional review board approved this study.
Measures
Tobacco Product Use
At baseline, items based on the Monitoring the Future (MTF; Johnston et al., 2016) and Youth Risk Behavior Surveillance (Eaton et al., 2010) surveys assessed lifetime use (yes/no) of the three tobacco products included in this study (i.e., e-cigarettes, hookah, and combustible cigarettes) and five other tobacco products (e.g., big and little cigars) with the question, "Have you ever used the following substance in your life?" Participants who responded with "no" to each question were classified as baseline tobacco product never-users and were included in the analytic sample for this report. At the three follow-up assessments, participants were asked whether they had used each tobacco product over the previous 6 months, which was the same duration of the inter-assessment interval. This answer was classified as a binary response of past 6-month use (yes/no) at each follow-up, and was analyzed for e-cigarettes, hookah, and combustible cigarettes. Owing to new evidence that youth were using e-cigarettes with and without nicotine, which arose during the follow-up period (Miech, Patrick, O'Malley, & Johnston, 2016) , the questions used to assess past 6-month e-cigarette were adjusted. At the 6-month follow-up, the original term used was "electronic cigarettes," the 12-month follow-up assessed use of "electronic cigarette for nicotine," and at the 18-month follow-up two separate questions assessed use of "electronic cigarette for nicotine"and "electronic cigarette without nicotine or hash oil" (i.e., no nicotine; Miech, Patrick, O'Malley, & Johnston, 2016) . Responses to the two individual questions at the 18-month follow-up were combined such that use of e-cigarettes with or without nicotine (i.e., responding affirmatively to either questions) was considered past 6-month e-cigarette use.
ADHD Symptoms
The 18-item Current Symptoms Scale-Self Report Form (Barkley & Murphy, 1998 ) is a measure of DSM-IV ADHD symptoms experienced by adolescents during the past 6 months that demonstrates concordance with clinician-performed psychodiagnostic assessments and other validity criterion (Barkley & Murphy, 1998) . Participants rated how frequently they experienced 18 different ADHD symptoms (e.g., "I have difficulty organizing tasks and activities," "I talk excessively") on a 4-point response scale from 0 (never or rarely) to 3 (very often). The total sum score of all 18 responses (range 0-54) was computed (Cronbach's a ¼ 0.92), and the measure contained two nine-item subscales that assessed the two distinct symptom dimensions (IN and HI) of ADHD (Tercyak et al., 2002) . Participants were also classified based on the recommended clinical cutoff (yes/no) that concords with the presence of clinically significant ADHD symptoms (i.e., endorsement of at least six IN or HI symptoms on the measure) for descriptive purposes (Tercyak et al., 2002) .
Covariates
Factors that have previously been shown to be associated with ADHD symptomology and tobacco product use were included as a priori covariates to prevent confounding of key associations (Cardenas et al., 2015; Tyas & Pederson, 1998) . Demographic characteristics including age, gender, and race/ethnicity (i.e., Hispanic, White, Asian, or Other race) were also included. Highest level of parental education was treated as an ordinal variable (i.e., 1 ¼ 8th grade or less, 2 ¼ some high school, 3 ¼ high school graduate, 4 ¼ some college, 5 ¼ college graduate, and 6 ¼ advanced degree) and standardized. A composite sum score of lifetime number of substances used at baseline was generated from responses to ever-use items based on the MTF survey for alcohol and 14 other illicit and prescription substances of abuse (possible range 0-15). Depressive symptoms were measured using the Center for Epidemiologic Studies Depression Scale (Radloff, 1991) ; the 20-item composite sum score assessed past week frequency of experiencing depressive symptoms on a 4-point response scale (range: 0 [rarely or none of the time; 0-1 day] to 3 [most or all of the time; 5-7 days]; Cronbach's a ¼ .84). Conduct problems were assessed with an 11-item measure of past 6-month delinquent behavior (i.e., stealing, destroying property, lying to parents, running away, physically fighting, being suspended from school). Participants reported their frequency of each behavior on a sixpoint response scale from 1 (never) to 6 (10 or more times; Thompson, Ho, & Kingree, 2007) ; the scale exhibited good internal consistency in the sample (Cronbach's a ¼ .79). Six of the 11 delinquent behaviors assessed concord with a DSM Conduct Disorder diagnosis, allowing it to serve as a proxy for conduct disorder. Participants' high school was entered into all models as a nine-level categorical variable to account for clustering by school. 
Data Analysis
Differences between the analytic sample and excluded youth were tested across baseline ADHD symptoms and all study covariates with chi-square tests and independent samples t-tests. Preliminary analyses involved calculating descriptive statistics and distributional properties for ADHD symptomology, tobacco product use outcomes, and covariates among the analytic sample. The primary analyses involved a series of separate repeated measures binary (link logit) generalized estimating equation (GEE; Hardin, 2005 ) models that included baseline ADHD symptoms as a regressor and tobacco product use as the dependent variable, with separate data points for each follow-up time point. Time (6-vs. 12-vs. 18-month follow-up) was a timevarying regressor in each model. To account for correlation between clustered observations within students, variance was modeled using an exchangeable correlation structure (compound symmetry). In these models, the ADHD main effect estimate indicated whether ADHD symptoms were associated with initiation of tobacco product use across follow-ups, irrespective of time, but did not address whether ADHD was associated with the time of onset or the persistence of use. Therefore, an ADHD Â Time interaction term was added in separate models to determine whether ADHD was associated with changes in tobacco product use across each of the three time points within the 18-month follow-up period (i.e., persistence of use across time). Additionally, an ADHD Â Gender interaction term was also added to test if associations differed by gender, as evidence suggests that the association of ADHD with health risk behaviors may differ between boys and girls (Gaub & Carlson, 1997; Elkins, McGue, & Iacono, 2007) .
There were three classes of GEE models: (1) models with total ADHD symptom level (i.e., sum score) as the predictor; (2) models with HI ADHD symptoms as the predictor; and (3) models with IN ADHD symptoms as the predictor. All models were fit with and without covariate adjustment. Missing covariate data were addressed with multiple imputations using the Markov-chain Monte Carlo method in which parameter estimates from five imputed data sets were pooled and presented as a single estimate (Rubin, 2004) . Poly-tobacco product use initiation (i.e., use of more than one tobacco product) was examined at each follow-up by creating a composite poly-tobacco product initiation variable that was the sum of the three binary tobacco product initiation variables at each follow-up. Use of two and three products were combined (owing to low frequency of tri-product use) to create a three-level variable for use at each time point (0 ¼ no tobacco product use; 1 ¼ use of one product; 2 ¼ poly-product use [use of two or three products]). These data were analyzed using a series of repeatedmeasure polytomous (multinomial) regression models in generalized linear mixed models (McCulloch & Neuhaus, 2001 ) to test if there were significant differences in the association of ADHD symptoms with the initiation of one and two or more tobacco products (vs. zero tobacco products) and two or more tobacco products (vs. one tobacco product) across the followup assessments.
In all analyses, we standardized the 18-item ADHD sum score (M ¼ 0, SD ¼ 1), each symptom dimension subscale and all continuous variables (i.e., depression, delinquent behavior, lifetime substance use) for use in the regression models to facilitate interpretation of the parameter estimates. Thus, each 1-unit increase reflected a 1-unit SD increase in ADHD symptoms in the sample's distribution. This allowed us to interpret the odds ratios (ORs) as percent increases per 1-unit increases in each standard deviation unit across the distribution of ADHD symptom severity levels in the sample, and place the OR estimates on a metric that facilitated comparisons with other studies using measures of ADHD with distinct scaling properties. SPSS version 24 was used for all analyses with alpha level set to 0.05 and results reported as OR 6 95% confidence intervals (CIs).
Results
Lifetime tobacco product users (N ¼ 1,288) who were excluded from the analytic sample significantly differed from those included on ADHD symptomology and all study covariates (p < .001) with the exception of age and gender (p ¼ .22-.34). Youth excluded for prior tobacco product use exhibited higher levels of ADHD, depressive symptoms, and delinquent behavior, as well as higher rates of family and peer smoking (p < .001). Youth in the analytic sample (vs. those excluded) also lived with both their biological parents at higher rates; their parents were more educated and they used fewer total substances of abuse in their lifetime (p < .001).
Descriptive statistics for baseline ADHD symptoms, covariates, and tobacco product use outcomes at each follow-up are displayed in Table I . The mean unstandardized ADHD symptom score (range 0-54) in the entire sample was 11.45, which, according to published standardized metrics for this scale, suggests that the average participant reported a mild level of ADHD symptom severity (Barkley & Murphy, 1998) , while the standard deviation of 9.24 demonstrated that there was meaningful variability in symptom scores ( Figure S1 ). Additionally, 6.5% of the sample (N ¼ 125) met or exceeded the recommended cutoff indicative of a possible clinical ADHD diagnosis (Barkley & Murphy, 1998) . To gauge the generalizability of the current sample, we examined baseline levels of past 30-day tobacco product use in the entire sample, including those who were baseline ever users (N ¼ 3,396; Leventhal et al., 2015) . In this sample, 3.9% used combustible cigarettes, 9.0% used e-cigarettes, and 3.4% used hookah in the past 30 days, which is comparable with recent national studies of high school youth, such as MTF .
Primary Analyses
For the ADHD main effect estimates, the unadjusted odds of reporting e-cigarette initiation pooled across the follow-up period were (a) 45% greater ( 
ADHD by Time and Gender Interaction Analyses
There were no significant interactions between ADHD symptoms (total and each symptom dimension) and time in the prediction of tobacco product initiation (p ¼ .54-.98), suggesting that the association between ADHD symptoms and tobacco product use did not differ across the follow-up time points and there were no differences in shape of trajectories of tobacco product use across time; put another way, the risk estimates for ADHD did not amplify or degrade across time. Additionally, in the unadjusted models, there were no significant interactions between gender and total ADHD symptoms (p ¼ .18-.81), HI ADHD symptoms (p ¼ .13-.85), or IN ADHD symptoms (p ¼ .27-.79) in the prediction of tobacco product initiation, indicating that the association of ADHD symptoms with tobacco product initiation did not differ between boys and girls.
Polytomous Regression Models Assessing PolyTobacco Initiation
At the 6-month follow-up, 106 students (5.7%) used only one tobacco product and 34 (1.8%) used two or more tobacco products; at the 12-month follow-up, 107 students (5.9%) used only one tobacco product and 40 (2.2%) used two or more tobacco products; and at the 18-month follow-up, 215 students (11.5%) used only one tobacco product and 55 (3.0%) used two or more tobacco products (Table I ). In the fully adjusted polytomous regression model, there were significant associations between the initiation of one tobacco product (vs. no 
Discussion
This study provides new evidence that a well-known risk factor for combustible cigarette use, ADHD symptomatology, is associated with the increased likelihood of e-cigarette initiation during adolescence in survey conducted in 2014-2015. The unadjusted associations of ADHD symptoms with tobacco product initiation were generally uniform across the three tobacco products included in this study. However, after adjusting for a host of covariates known to be Table II associated with tobacco use, all the associations were attenuated. In the adjusted models, the association of ADHD symptoms with e-cigarette initiation remained significant, suggesting that there may be a unique risk pathway from ADHD symptoms to e-cigarette initiation over and above other known risk factors for tobacco use. Associations between ADHD symptoms and combustible cigarette and hookah outcomes were no longer significant after adjustment for covariates, suggesting that the risk factors controlled for in this study overlap with a meaningful portion of the association of ADHD symptoms with initiation of these two tobacco products. For each outcome, the ADHD Â Time interaction was not significant, suggesting that the shape of the trajectory (i.e., persistence) of tobacco product use across time did not differ by ADHD. Overall, our hypothesis that associations with ADHD symptoms would extend to each tobacco product and would be more robust for combustible cigarettes than the alternative products was not supported. The divergence of results from unadjusted to adjusted models may be explained by a complex interrelation between ADHD, the covariates studied, and tobacco product use initiation. Some of these covariates may overlap with ADHD symptoms, and could have been more salient risk factors for combustible cigarette and hookah initiation than e-cigarette use initiation-explaining the association of ADHD with use of these two products. Most notably, the OR estimate for delinquent behavior, which is a welldocumented and highly robust correlate of ADHD symptoms (Jensen, Martin, & Cantwell, 1997; Patterson, DeGarmo, & Knutson, 2000) , was comparatively large for associations with hookah and combustible cigarette use initiation. Delinquent behavior may be a marker of youth who are willing to take risks and may overlook deterrents such as concerns regarding health effects, which could motivate the uptake of combustible tobacco products (including both hookah and combustible cigarettes) despite knowledge of the toxic effects of tobacco smoke. While youth with greater levels of ADHD symptoms may be more likely to initiate use of these combustible products (as evidenced in the unadjusted models), the subgroup of youth with elevated ADHD who go on to initiate hookah and combustible products may also be those who engage in delinquent behaviors or possess other risk factors (Wills, Knight, Williams, Pagano, & Sargent, 2015) . In contrast, as e-cigarettes are viewed as safer and less addictive than combustible cigarettes by youth (Amrock, Lee, & Weitzman, 2016) , and less conspicuously violate societal norms, youth with higher levels of self-reported delinquency may prefer to use tobacco products that more brazenly violate social rules; whereas those with elevated ADHD (irrespective of delinquency) may be at risk to initiate use of products that are more normative, such as ecigarettes.
There could also be a historical cohort effect that distinguishes the current context from prior work documenting a robust association of ADHD with combustible cigarette smoking. The lower prevalence of combustible cigarette and hookah use at each time point, relative to e-cigarette use, could have led to a reduction in statistical power necessary to detect associations of ADHD symptoms with use of combustible tobacco products. However, if this were the case, we would expect the OR estimates for the associations with hookah and combustible cigarette use initiation to be close in magnitude to those for e-cigarettes, but not statistically significant owing to increased error. Given that the OR estimates for the adjusted associations were markedly lower for combustible and hookah outcomes than e-cigarette use, the sample size is unlikely to have resulted in these findings (Table II) .
An appreciable portion of youth became polytobacco product users during the follow-up periods. Unadjusted analyses of ADHD as a risk factor for single and poly-product outcomes suggested a graded effect whereby ADHD increased the likelihood of polyproduct (vs. single-product) use and single product (vs. no) use. However, adjustment for covariates eliminated the graded risk associated with ADHD; the conferred risk for poly-product use (vs. no use) and single product use (vs. no use) remained significant, yet the polyproduct (vs. single product) contrast was no longer significant. Hence, there was a threshold effect whereby ADHD, over and above the other risk factors, increased risk of any form of tobacco product use.
The HI ADHD symptom dimension, but not IN, was associated with e-cigarette use initiation during followup across the unadjusted and adjusted models. While previous research suggests that IN symptoms are related to combustible cigarette smoking, (Abrantes, Strong, Ramsey, Lewinsohn, & Brown, 2005; Burke, Loeber, & Lahey, 2001; Burke, Loeber, White, StouthamerLoeber, & Pardini, 2007) , HI symptoms have been shown to be associated with smoking initiation and progression from experimentation to regular smoking among youth (Fuemmeler et al., 2007) . Furthermore, HI symptoms have been shown to be associated with tobacco use and nicotine dependence even after controlling for IN symptoms and conduct disorder (Elkins, McGue, & Iacono, 2007; Kollins, McClernon, & Fuemmeler, 2005) .
HI symptoms and other externalizing behaviors in early adolescence may prove to be a risk marker for the development of more severe problem behavior trajectories that include alternative tobacco product use. Targeting HI ADHD symptoms and ADHD-related behavioral factors (e.g., impulsive decision making, discounting of negative consequences, and cognitive impairment) with evidence-based interventions (e.g., mindfulness skills training) designed to help youth build impulse control skills and effective decision-making strategies may be useful when translated for e-cigarette prevention (Mason, Walker, Wine, Knoper, & Tercyak, 2007; Wilens & Biederman, 2006) . Adolescents with ADHD symptoms may also benefit from psychoeducation regarding the risk ADHD symptoms and related attentional-executive deficits confer for e-cigarette use. Strengths of the study include the high retention rate, statistical adjustment for clinically relevant intrapersonal and environmental covariates, and a large, demographically diverse sample. Levels of ADHD symptomology in this sample were similar to estimates of the distribution of ADHD symptoms in a U.S. normative nationally representative adolescent sample (DuPaul et al., 1998) . A limitation of the study is the use of binary product status outcomes and absence of more frequent measures of product use, leaving unclear whether these results extend to more frequent use patterns. Participants who had ever used tobacco products were excluded from the analytic sample because the study aimed to prospectively study tobacco product initiation and was designed to reduce the potential for reverse causality (i.e., nicotine-induced neurocognitive deficits leading to ADHD-related symptoms). This exclusion resulted in an analytic sample with lower ADHD symptoms and lower levels of depression, delinquency, and other psychosocial risk factors. Hence, the generalizability to high-risk youth who may be prone to initiate nicotine use before high school may be limited. Because we did not use a clinician-administered interview, the impact of inaccurate reporting of ADHD symptoms on the findings is unclear. Similarly, data for tobacco product use were obtained via self-report measures, and could have been affected by dishonest reporting.
Conclusion
ADHD symptoms may be a risk factor for the increased likelihood of e-cigarette use initiation during high school, as well as single-and poly-product use initiation outcomes. The trajectory shape of e-cigarette use over time does not appear to differ by ADHD, suggesting that the increased odds of e-cigarette use uptake conferred by ADHD result in a pattern that is similar to the general population of youth who initiate use of e-cigarettes during high school. Targeting ADHD-related behavioral factors, particularly those related to hyperactivity and impulsivity, in pediatric psychology treatment and prevention may be beneficial for preventing e-cigarette use. Data are needed to uncover the mechanisms underlying this risk pathway and advance tobacco use etiologic theory and prevention practice in the current era in which e-cigarettes are popular among youth.
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